Abstract: In contrast to the multitude of investigations regarding aesthetic changes in nasal surgery, few data are available concerning nasal function. This is especially important for cleft patients with a compromised nasal respiration.
T he rehabilitation of the patient with cleft lip and palate is complex and lasts until adolescence. Here, secondary rhinoplasty of the cleft nose deformity, which is indicated in 15% to 40% of the cleft patients, is a very important and often the last step in their rehabilitation. 1 The deformity of the cleft nose is complex and affects the bony framework of nose, cartilages, and soft tissue not only of the external but also of the internal nose.
The noses of cleft patients are characterized by a typical aspect. In unilateral cleft lip and palate (UCLP) cases, the deviation of the nose and asymmetries predominate. In bilateral cleft lip and palate (BCLP) patients, the shortness of the columella and the deficient tip projection are characteristic. 2Y6 The elements of the cleftassociated nasal dysplasia are presented in Table 1 .
Besides the described aesthetic impairment, a clinically relevant diminishment of nasal respiration because of complex deformities has to be stated. 7 Here, a severe deviation of the nasal septum in sagittal and vertical dimension, hyperplasia of the nasal conchae, and irregularities of the nasal floor have to be mentioned. 8, 9 Theses facts can be recognized in Figure 1 . As changes in nasal form implicate also changes in respiratory parameters, it seemed to be of interest how secondary rhinoplasty would affect not only the patients' aesthetic appearance but also functional respiratory parameters.
So, in this prospective study, changes in aesthetic and functional respiratory parameters of 68 patients who underwent secondary rhinoplasty of the cleft nose deformity were examined.
MATERIALS AND METHODS
In this prospective study, changes in aesthetic and functional respiratory parameters of 68 patients, who underwent secondary rhinoplasty of the cleft nose deformity, were examined. Surgery was performed at the Department of Oral and Maxillofacial Plastic Surgery of the University of Leipzig.
The patients consisted of 36 females and 32 males with 22 bilateral clefts and 46 unilateral clefts. At the time of surgery, the mean age was 18 years with a range from 7 to 50 years; the average age was 21.2 years.
Sixty-six of these patients had been preoperated on in the former cleft center Wolfgang-Rosenthal-Klinik Thallwitz, Germany, according to an identical scheme. That means that the primary lip closure had been performed at the age of 3 to 6 months according to Millard-Veau, respectively. The palate had been closed at the age of 4 years according to Langenbeck-Veau-Axhausen and in 52 of 66 cases in combination with a cranially based velopharyngoplasty according to Sanvenero-Rosselli. The 2 other patients had been preoperated in Russia according to an unknown scheme.
The surgical procedures carried out were 44 septorhinoplasties, 20 times a septorhinoplasty in combination with a secondary correction of the cleft lip and 4 times a functional correction of the cleft lip and nose according to Delaire. 10 For all septorhinoplasties but 3, an open approach was chosen. Here, it should be emphasized that comparing different surgical methods was not the aim of this study.
For analyzing the changes in aesthetic parameters, standardized digitized photographs (1200 dots per inch) from right lateral, en face, and oblique inferior views, which were taken directly preoperatively and at least 6 months postoperatively, were compared. The reason for waiting 6 months postoperatively is to evaluate stable long-term results.
An analysis consisting of points, angles, and relations of lines known by anthropometry supplemented by own parameters was used.
11Y14
To perform anthropometric analysis, FR-Win 4.0 software (Computer-Konkret, Falkenstein, Germany) was used. For this, 54 anthropometric points were located on the photographs, and 57 angles and lines, respectively, and relations of lines were created. The used anthropometric landmarks are shown in Figures 2AYC ; their definitions are given in Table 2 . The analyses from right lateral, en face, and caudal views are presented in Tables 3Y5.
For assessing the respiratory function of the nose, 3 complementary methods were used, namely, anterior active rhinomanometry, then rhinoresistometry and acoustic rhinometry. To minimize the influence of swelling of nasal mucosa, all measurements were preoperatively as well as postoperatively performed before and after nasal decongestion with 0.15 mL oxymetazoline nose drops (Nasivinetten 0.05%; Merck, Darmstadt, Germany), according to international standards. 15 Anterior active rhinomanometry is the standard method for assessing nasal respiration and gives quantifiable data about nasal patency. It measures nasal airflow under changing pressures and gives a pressure volume diagram. The airflow (in milliliters per second) or the resistance (in seconds per milliliter) at a pressure of 150 Pa is regarded as most valid for evaluating nasal respiration. 16, 17 As airflow is easier to imagine, it was chosen for this study. The HNO-Diagnostik-Center F (Fa. Homoth, Hamburg, Germany) was used to perform rhinomanometry.
Rhinoresistometry is a further development of active anterior rhinomanometry and an active method to determine nasal flow characteristics and to define the hydraulic diameter of the nose, which is the diameter of a tube with the same airflow characteristics. To carry The third method was acoustic rhinometry, a passive method which is based on sound reflection. It measures diameters and volumes of the nasal cavities and defines also the minimal cross-sectional area and its size and location. In this study, the volumes from nostrils to a depth of 4 cm and the minimum cross-sectional area were analyzed. Therefore, the Rhinoklack RK 1000 (ISM) was implemented.
The Wilcoxon test was used to compare preoperative and postoperative data. Statistical evaluation was performed using the software WinMEDAS (C. Grund, Margetshoechheim, Germany).
RESULTS

Aesthetic Results in UCLP Patients
In patients with a unilateral cleft, statistically significant changes in the nasofrontal angle from 151.0 to 149.2 degrees (P G 0.05), in the nasofacial angle from 28.2 to 29.5 degrees (P G 0.05), in the nasomental angle from 134.8 to 133.4 degrees (P G 0.05), and in the projection according to Baum from 241.4% to 222.8% (P G 0.01) and according to Goode from 58.4% to 61.1% (P G 0.01) could be noticed. All preoperative and postoperative mean values, their SDs, the results of the test according to Wilcoxon, and reference ranges 5, 13, 14, 19 of right lateral view analysis are shown in Table 6 . Concerning the analysis from en face view, there was a significant change in the angle between bipupillar line and the line from nasion to gnathion from 89.9 to 90.4 degrees (P G 0.05) and in the ratio of nasal root width to nasal ala width from 92.3% to 89.8% (P G 0.01) in terms of narrowing the nose. All results of the analysis of en face view and their SDs and reference ranges 11Y14 are shown in Table 7 .
Many significant changes could be found in the caudal view analysis (Table 8 ). There was a more harmonic configuration of the nostrils of both sides, which is shown by significant changes in the nostril diameter ratio, which decreased from 95.3% preoperatively to 78.6% (P G 0.001) postoperatively on the cleft side and from 88.7% preoperatively to 71.7% (P G 0.001) postoperatively on the noncleft side.
Likewise, there was a significant change in the ratio of the width of the nose in the anterior third (nosap1a to nosap2a) to the bialar nose width from 91.9% to 87.2% (P G 0.01), which also means that the noses had become narrower.
A significant decrease in the ratio of the bialar nose width to ala base width from 145.5% preoperatively to 141.5% postoperatively (P G 0.05) could be noticed.
The lower nasal ala angle showed a significant diminishment from 92.1 to 85.6 degrees (P G 0.01) on the noncleft side. Moreover, a significant decrease of the lateral nasal tip angle from 47.2 to 44.2 degrees (P G 0.01) on the noncleft side resulted. Postoperatively, the noses proved to be more symmetric, because the ratio of the lateral nasal tip angle of the cleft side to the noncleft side had improved from 0.93 to 0.97 (P G 0.01). All results of the analysis of the caudal view analysis and their SDs and reference ranges 5,11Y13 are shown in Table 8 .
Aesthetic Results in BCLP Patients
Regarding the analysis from right lateral view of the BCLP patients, also statistically significant changes occurred. There was an increase in the ratio of the upper lip to lower facial third from 27.8% to 28.9% (P G 0.05) and in the ratio of white upper lip to the full upper lip from 56.0% to 61.5% (P G 0.05). Moreover, a significant improvement of the nasofrontal angle from 151.3 to 148.0 degrees (P G 0.05), of the nasofacial angle from 26.7 to 30.5 degrees (P G 0.01), of the nasomental angle from 138.1 to 133.0 degrees (P G 0.01), of the projection of the nose according to Baum from 269.4% to 219.6% (P G 0.001), and of the projection according to Simons from 113.6% to 94.7% (P G 0.01) could be found. All results of the analysis of right lateral view and their SDs are shown in Table 6 . Concerning the BCLP patients, there were no significant changes in the analysis from en face view. All results of the analysis of en face view and their SDs are presented in Table 7 .
Regarding the changes in the analysis from caudal view in the BCLP patients, there are less statistically significant improvements than in the UCLP patients.
There was also a significant change in the ratio of bialar width to nostril floor width from preoperatively 134.4% to postoperatively 142.5% (P G 0.01), but in comparison to the UCLP patients, this change was of the opposite direction, which has to interpreted as a narrowing of the nasal base. Another parameter showing the narrowing of the nasal floor is the ratio of the bialar width to alar basis width, which increased from 99.2% to 101.7% (P G 0.05). Moreover, the caudal nasal tip angle decreased from 99.6 to 91.6 degrees (P G 0.05), and the right lateral tip angle from 49.3 to 45.1 degrees (P G 0.05). All results of the analysis of the caudal view analysis and their SDs are shown in Table 8 .
Functional Results
There were nearly no noteworthy changes in rhinomanometric parameters. The only parameter, of which a significant increase could be found, was the nasal flow on the cleft side in UCLP patients at 75 Pa. It grew from 147.2 mL/s preoperatively to 270.0 mL/s (P G 0.01) postoperatively. The changes in all other parameters remained under the level of statistical significance in the UCLP patients as well as in the BCLP patients. 
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The analyzed parameters of preoperative and postoperative nasal flow are presented with their preoperative and postoperative mean values, SDs, and the result of the test according to Wilcoxon in Table 9 .
In UCLP patients, acoustic rhinometry found a significant decrease of minimum cross-sectional area of the noncleft side from 0.49 to 0.40 cm 2 (P G 0.05) in the measurement without decongestion, but an increase in minimum cross-sectional area of the cleft side from 0.39 to 0.48 cm 2 (P G 0.05) in the measurement with decongestion. The ratio of minimum cross section of cleft side to noncleft side had changed from 0.89 to 1.33, that is, for the benefit of the cleft side (P G 0.01). Moreover, there was a significant increase in nearly all parameters describing nasal volume (Table 10) as well in the measurement without as with decongestion in the UCLP patients. Thus, the total volume in the anterior 4 cm of the nose had increased from 10.38 to 13.21 cm 3 (P G 0.001). Concerning results of acoustic rhinometry in BCLP patients, only the ratio of the minimum cross-sectional area of right to left side had changed significantly from 1.46 preoperatively to 0.97 postoperatively (P G 0.05). Results of acoustic rhinometry are presented with their preoperative and postoperative mean values, SDs, and the results of the test according to Wilcoxon in Table 10 .
Rhinoresistometry found a significant increase of the hydraulic diameter of the total nose in the measurement without decongestion from 4.9 to 5.6 mm (P G 0.05) and of the cleft side from 3.6 to 4.5 mm (P G 0.05) in the UCLP patients, but no significant change could be noticed in the BCLP patients. Results of rhinoresistometry are presented with their preoperative and postoperative mean values, SDs, and the results of the test according to Wilcoxon in Table 11 .
DISCUSSION
This study consisted of the data of 68 patients with cleft lip and palate, which is statistically seen as only a small number, although it definitely is a big patient group concerning cleft care. Differentiating between UCLP (n = 46) and BCLP (n = 22) patients, the groups are getting even smaller. Thus, in interpreting the results of this prospective study, it is necessary to be aware of this fact, because it results in big SDs.
Another problem in interpreting and discussing the results is that reference values or ranges exist only for few of the examined 
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parameters and that those, which are given, are derived from a noncleft population. In UCLP patients, many parameters postoperatively had significantly improved even in a statistically significant extent (Tables 6Y8). But even these parameters did not reach the reference ranges of a noncleft population in most cases, but only a correction in direction to reference ranges; for example, in the lateral view analysis, the ratio of ala to lobule changed from the mean value of 133.8% to 118.8% and approximates to the normal of 100% given by Powell and Humphreys. 13 Also, the nasofrontal angle decreased from a preoperative mean value from 151 to 149 degrees, which meant a change in direction to the reference range of 115 to 130 degrees, 5,13,14 although it kept still far away from normal. Regarding the results in Tables 6,  7 , and 8, it can be summarized that the noses of the UCLP patients postoperatively were narrower and more symmetric and showed a better projection in a statistically significant extent. Moreover, there was a more harmonic configuration of the nostrils, which is proven by a significant change in the ratio of transverse to vertical nostril diameter from 95.3% to 78.6% on the cleft side and from 88.7% to 71.7% on the noncleft side. However, in parameters, where reference values are given in literature, the postoperative mean values had approximated to them, but in most cases, they did not reach them. The above-mentioned results can be recognized in Figures 3 and 4 , showing preoperative and postoperative photographs of a typical UCLP patient.
Concerning BCLP patients, less significant changes than in UCLP patients could be found. Also, in this patient group, only some of the significantly improved parameters reached the reference range such as the nasofacial angle, which increased from preoperatively 26.7 to 30.5 degrees (reference range, 30Y40 degrees) postoperatively. The nasofrontal angle changed from preoperatively 151.3 to 148.0 degrees in direction to the reference range of 115 to 130 degrees but without reaching it.
In summary, the noses of the BCLP patients postoperatively were narrower and showed a better projection in a statistically significant extent, which is proven by the significant decrease of the nasal tip angle in the caudal view analysis (99.6Y91.6 degrees) and by a significant increase of the nasofacial angle from 26.7 to 30.5 degrees and other parameters for the description of nasal projection (Tables 6Y8).
The described results can be seen in Figures 5 and 6 , showing preoperative and postoperative photographs of a typical BCLP patient from the 3 analyzed directions.
It would have been of interest to compare our study's results not only to reference values but also to other study results concerning rhinoplasties in cleft patients. However, it was very difficult to find any valid and comparable studies.
In July 2007, a MEDLINE-based research with the key words, rhinoplasty, cleft lip and palate, and results, completed by further manual search, was performed, and 83 articles and book chapters could be found. But a further evaluation showed that 70 of them were only descriptions of methods or casuistics, 6 were about anatomic basics, and 5 compared different methods. So only 2 articles gave preoperative and postoperative values after rhinoplasties in cleft patients. 18, 19 The study of Coghlan and Boorman evaluated the Tajima secondary cleft lip nose correction in 24 UCLP patients. 18 Parameters were the symmetry of the nose in a caudal view and the contour of the alae. Here, in the follow-up, a reversion to the preoperative values had been found after initial improvement. It is not possible to compare our study's values to them, though, so that the only conclusion to be drawn is that it is very difficult to get results with a long-term stability.
The study of Breier et al 19 was a comparison of open to closed approach to rhinoplasty; thus, also these results cannot be compared to those of our own study.
As it has been shown above, many aesthetic parameters postoperatively had significantly improved. So it may be stated that aesthetic improvement can be achieved regularly and reliably. But secondary rhinoplasty of the cleft nose deformity is a demanding surgery with a limited success because aesthetically improved parameters in most cases do not reach reference values but only an improvement in direction to them.
Comparing the rhinofunctional parameters of our study's patients to reference mean values of a noncleft population, it had to be noticed that there was a severe impairment of nasal respiration in the study group. 17,20Y25 According to Bachmann, 20 a total nasal flow less than 500 mL/s at 150 Pa has to be classified as a severe reduction of nasal respiration. Our study's mean values of respiratory parameters were similar to those of other studies dealing with nasal respiration in cleft patients. Thus, it can be stated that our study's patients preoperatively and postoperatively had a severe diminishment of nasal respiration, which is typical for cleft-related nasal dysplasia.
25Y30
As it is very difficult to find studies giving preoperative and postoperative values for nasal respiration in cleft patients, only 2 comparable publications could be found. 28, 30 Rautio et al 30 compared preoperative and postoperative respiratory values of 18 cleft patients. They found a tendency toward impairment of nasal respiration, which was shown by an increase in resistance. Werkmeister et al 28 found a significant improvement of nasal respiration in 30 UCLP patients who underwent open rhinoplasty, which was preoperatively and postoperatively evaluated by rhinomanometry.
This leads to the question why the actually expected improvement of nasal respiration had not been obtained, although a significant increase in nasal volume had been found. The minimum constriction point, of which the diameter and location objectively can be assessed by acoustic rhinometry, lies in the nasal valve area and is caused by the inward rotated lower lateral cartilage. Moreover, it has to be paid attention to the severe deviation of the nasal septum, to the torsion of the bony and cartilaginous nasal pyramid, to the hyperplasia of the nasal conchae, and to the dropping of the nasal tip, which all influence nasal respiration. The significant increase in nasal volume demonstrates that improvements concerning nasal septum and lower turbinates had been obtained. But the results of acoustic rhinometry showed that it had not been achieved to widen the limiting constriction point of the nasal valve area sufficiently. This reason for insufficient functional benefit was also postulated by Rautio et al. 30 During rhinoplasty, the laterally displaced alae are brought to a more medial position to straighten up the dropping nasal tip. If the lower lateral cartilage is rotated inwardly and if its position is not corrected sufficiently, it will have to be reckoned with a severe impairment of nasal respiration. This had to be observed in this study and also in that of Rautio et al. 30 It had been shown before that the noses of our patients postoperatively had become more symmetric and narrower in a statistical significant extent. Thus, the fact that there was no significant change in nasal flow, which also means that nasal respiration did not worsen, might be interpreted as success, as Rautio et al 30 had even found an impairment of nasal respiratory function.
The used procedure, namely, the submucosal freeing of the lower lateral cartilages and their refixation by deep resorbable mattress sutures without correcting the inner mucosal layer of the nasal alae, obviously does not have the ability to influence the nasal valve area in the required extent. This means that correction of the nasal valve area is one of the most important points in performing rhinosurgery in cleft patients. Techniques have been developed, which change the position not only of the cartilage but also of the endonasal mucosa, which probably should be preferred. 31, 32 To evaluate the impact of a modified surgical approach with special regard to nasal function, a follow-up study has been launched. Objective means of examination seem to be indispensable for the assessment of respiratory nasal function. They are important for preoperative planning and also for controlling operative quality. In cleft rhinoplasties, functional aspects have to be objectively examined, profoundly considered, and also realized in performing surgery in a higher extent. A postoperative treatment with nasal stents for at least 6 months seems to be advantageous to prevent scar shrinking. Probably a functionally orientated primary cleft surgery including primary rhinoplasty would reduce dysplasia of the cleft nose.
